Sixteen bacterial isolates, primarily from tobacco leaf biocontrol tests. A Pseudomonas maltophilia isolate did not surfaces, were screened in vitro for effects on spore alter lesion severity. Two bacterial isolates reduced lesion germination and germ tube development of three Alternaria severity significantly. One isolate, Bacillus cereus subsp. myalternata isolates. Most bacterial isolates suppressed number coides, effectively controlled tobacco brown-spot lesion of germ tubes, and the length and branching of the longest development in a controlled environment. Microscopic germ tube. Appressorium formation data were inconclusive, observations of the leaf surface showed that conidial but tended toward inhibition. Bacterial isolates which were germination was 10% in the presence of B. cereus subsp. most inhibitory to growth of A. alternata in vitro also were mycoides, whereas, 98% germinated in the control and most inhibitory to that fungus on the leaf surface. Using this produced brown-spot symptoms. in vitro system, five bacterial isolates were selected for foliar Biocontrol of foliar fungal pathogens has received less activity. These bacteria were isolated and found to modify attention than biocontrol of soilborne pathogens (1, 11). the brown spot lesion-reducing interaction (6, 7). The Both bacteria and fungi have been applied to foliage as purpose of this research was to examine the effects of biocontrol agents (1,2, 4, 8, 10, 12, 13). Several examples these bacteria on germination and growth of Alternaria of bacterial control of foliar fungal pathogens have been conidia and to select bacterial isolates as biocontrol reported. Lesions caused by Helminthosporium sativum agents for brown spot. were less severe on wheat and barley when Bacillus pumilus was applied to leaves as a protectant (8). Two MATERIALS AND METHODS Bacillus spp., which originally were isolated from lysed germ tubes, inhibited infection by three Puccinia spp. on Bacterial and conidial suspensions for all experiments wheat and oats (15). Culture filtrates of these bacteria were prepared in the same manner. Bacterial isolates were which were incorporated in water agar lysed uredospore obtained primarily from water washings of greenhousegerm tubes.
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and field-grown tobacco leaves (6). Bacterial suspensions Application of nonpathogenic fungi to leaf surfaces were prepared from 24-hr cultures grown on nutrient agar was employed to reduce severity of diseases caused by at room temperature and were standardized to Alternaria on different hosts (5, 9, 17). Brown-spot approximately 109 cells/ml. Bacterial suspensions then control resulted when nonpathogenic Alternaria conidia were mixed with equal volumes of aqueous conidial were applied as a protectant to tobacco (Nicotiana suspensions or water. tabacum L.) leaves prior to inoculation with the Conidial suspensions of Alternaria isolates were pathogen, A. alternata, in both laboratory and field prepared from 7-to 10-day cultures grown on V-8 agar at experiments (17). Bacteria observed in association with 21 C under fluorescent light (16). Conidia were suspended the nonpathogenic fungus at the time of hyphal in cold (6 C), distilled water to retard germination, and dissolution on tobacco leaf surface indicated that the filtered through cheesecloth to eliminate hyphal bacteria may have caused hyphal disintegration of the fragments. Spore concentration was adjusted to 20,000 protectant organism, thereby altering its protective conidia/ ml and immediately mixed with an equal volume of bacterial suspension or with water, resulting in a final In vitro screening. -Bacterial isolates had different in the well of the depression slide. After 24 hr, conidia and effects on fungal germination and growth, but a bacterial germ tubes were stained with cotton blue in lactophenol. isolate which inhibited one Alternaria isolate generally Ten spores were examined in each depression slide. Each inhibited the other two Alternaria isolates being tested conidium was treated as a replicate and the experiment (6). Most bacterial isolates inhibited number of germ was repeated three times with each bacterial and fungal tubes, germ tube length, and branching of the longest isolate. This experiment also was performed using five germ tube ( Table 1) . Data on appressorium formation by bacterial isolates at dilutions of 0 to 10-7. F646 and AT were too variable to be definitive, but In vivo biocontrol.-Biocontrol of the pathogen on the indicated that most bacterial isolates were inhibitory. leaf surface was studied using five bacterial isolates. A When all values were expressed as a percentage of the previously described method for producing brown spot control, F646 was found to be more susceptible to on 9-cm diameter leaf disks cut from greenhouse-grown inhibition by all bacteria than A5 or AT. Generally, Coker 298 tobacco plants was used (16). Disks were number of germ tubes, germ-tube length, branching on washed with 70% ethanol and rinsed with sterile water to longest germ tube, and number of appressoria were reduce natural populations of microflora (18). Inverted simultaneously inhibited. The three Alternaria isolates leaf disks were placed on trays over water in plastic boxes were inhibited most frequently by B7, B23, and B3 1. and inoculated by placing 12 drops of A5 + bacteria, or Isolates B7 and B23 have been identified as Pseudomonas A5 + water on the abaxial surface. Inoculation drops maltophilia and Bacillus cereus subsp. mycoides, were dried for 3 hr and the boxes closed and incubated at respectively, by the American Type Culture Collection, 21 C with 8 hr of illumination. Lesion development was Rockville, MD 20852. In some instances B18 and B24 evaluated after 7 days. The five bacterial isolates tested stimulated Alternaria growth. were B7, B18, B23, B24, and B31. Microscopic A dosage-response relationship was determined for B7 observations of B23 + A5 were made at the time of and B23 with respect to inhibition of germ-tube length, inoculation, and 1, 2, 3, and 7 days after inoculation, but was not observed with B18, B24, or B31. At four Bacterial filtrates.--Tests to determine the presence of concentrations ranging from 5.0 X 108 through 5.0 X 10' soluble bacterial metabolites responsible for the observed of B23, a dosage-response was noted for the number of germ tubes. With this exception, germ-tube number, branch number, and appressorium formation did not 
